Rifampicin is the most important antibiotic in use for the treatment of tuberculosis (TB). Preclinical and clinical data suggest that higher doses of rifampicin, resulting in disproportionally higher systemic exposures to the drug, are more effective. Serum concentrations of rifampicin are the intermediary link between the dose administered and eventual response and only protein-unbound (free) rifampicin is pharmacologically active. The objective of this work was to develop an ultra performance liquid chromatography assay for protein-unbound rifampicin in serum with ultrafiltration, carried out at a sample temperature of 37°C, suitable for measurement of concentrations achieved after currently used and higher doses of rifampicin.
Introduction
Rifampicin is one of the pivotal drugs for the treatment of tuberculosis (TB), which is the leading infectious disease in terms of mortality worldwide [1] . A rifampicin dose of 10 mg/kg daily combined with pyrazinamide enabled shortening of the duration of TB treatment to six months decades ago [2] . This 10 mg/kg dose (often 450 or 600 mg, dependent on weight) was chosen in the 1960s and 1970s based on considerations related to pharmacokinetics, cost at the time, and presumed adverse effects [3] . Accumulating data in mice and humans suggest, however, that this 10 mg/kg daily dose is at the lower end of the dose-response curve [4] [5] [6] [7] [8] [9] . Our group has performed a dose escalating study in pulmonary TB patients showing that doses up to 35 mg/kg resulted in a more than proportional (ninefold) increase in exposure to rifampicin in plasma, which was safe and well tolerated in small groups [7] . This 35 mg/kg dose of rifampicin combined with isoniazid, pyrazinamide and ethambutol was able to reduce time to sputum culture conversion and may shorten pulmonary TB treatment [8] . A higher dose of rifampicin also reduced mortality in a small study among patients with TB meningitis, the most severe form of TB [9] . Clearly higher doses of rifampicin require more extensive follow-up research, including pharmacokinetic (PK) and pharmacokinetic-pharmacodynamic (PK-PD) evaluation.
In pharmacokinetic studies with rifampicin, measurement of the drug in plasma or serum is usually related to the total (protein-unbound plus bound) concentration of rifampicin. An equilibrium between total and protein-unbound concentrations is commonly assumed, yet proteinunbound (free) rather than total drug concentrations are preferably used in concentration-response evaluations [10] , as only protein-unbound drugs are pharmacologically active and diffuse (or are being actively transported) into tissues and to the sites of action [11, 12] . In a recent pharmacokinetic study with standard dose rifampicin we assessed a two-fold interindividual variation in the unbound rifampicin fraction [13] . This interindividual variability in the free fraction indeed shows that measurement of solely total concentrations could be misrepresentative of the relevant exposure. It is currently unknown what the free fraction of rifampicin is after administration of higher doses that result in much higher rifampicin exposures, possibly associated with saturation of plasma or serum proteins that bind rifampicin. Clearly the redevelopment of rifampicin as a TB drug warrants the development of an analytical method for protein-unbound rifampicin concentrations achieved after administration of high doses of the drug.
Previously we measured free rifampicin concentrations after standard doses using ultrafiltration at room temperature. In ultrafiltration, centrifugal forces are employed as the driving force for the passage of serum water across a filter membrane [14] . The aim of the current project was to develop and validate a new ultrafiltration method for the measurement of the free, active concentration of rifampicin at 37°C, enabling for PK and PK-PD studies with higher doses of rifampicin.
Materials and methods

Chemicals and materials
Rifampicin (cas.nr. 13292-46-1, purity 98%, see Fig. 1 for chemical structure), acetic acid (100%), ammonium acetate (> 98%), acetonitrile and methanol of LC-MS quality were purchased from Merck (Darmstadt, Germany). Ascorbic acid was purchased from Bufa (IJsselstein, The Netherlands). HPLC quality water was obtained with a Veolia Purelab flex 4 system from Veolia (Ede, The Netherlands). Centrifree YM-30 ultrafiltration filter devices were from Millipore B.V. (Amsterdam, The Netherlands). Drug free human serum was obtained from Sanquin blood bank (Nijmegen, The Netherlands) and was stored at −40°C.
Preparation of stocks
Two rifampicin stock solutions containing 1000 mg/L of rifampicin with 200 mg/L ascorbic acid were prepared in methanol: HPLC quality water (4:1%v/v). Ascorbic acid is added to rifampicin to protect it from degradation [15] . Stocks were stored at −40°C.
Preparation of calibration stocks for the calibration curve
For the preparation of the calibration curve, one of the rifampicin stock solutions was diluted with methanol to achieve six calibration stocks of 1.3-2.6-7.8-26-78-260 mg/L (calibration stocks 1-6) and were stored at −40°C until analysis. All stocks were shown to be stable for at least 12 months.
Calibration curve for unbound rifampicin in serum ultrafiltrate
Calibration curve standards could not exist of serum samples spiked with known amounts of rifampicin that are subsequently being ultrafiltrated, as the analytical method aims to measure unbound concentrations of rifampicin and these concentrations cannot be set (or 'spiked') in serum. Therefore the calibration curve consisted of blank serum ultrafiltrate spiked with rifampicin. Blank ultrafiltrate was obtained by ultrafiltration of drug free human serum.
The calibration curve was made freshly on the day of analysis. First, solutions of rifampicin in blank ultrafiltrate were prepared. For standard 0, 200 μL blank ultrafiltrate was used. For standards 1-6, 10 μL of one of the calibration stocks 1-6 was added to 190 μL blank ultrafiltrate. For standard 7, 20 μL calibration stock 6 was mixed with 180 μL blank ultrafiltrate. The resulting calibration curve concentrations of rifampicin were 0.065-0.13-0.39-1.3-3.9-13-26 mg/L. Secondly, 200 μL volumes of each of these solutions of rifampicin in ultrafiltrate were transferred into maximum recovery ® vials (Waters) with 400 μL of methanol: ascorbic acid 20 mg/mL in water (40:1%v/v). The vials were closed with a polypropylene screw cap with silicon/PTFE septum to prevent evaporation. The use of methanol in the samples was pivotal to keep rifampicin dissolved and prevent it from sticking to inserts and vials, whereas ascorbic was essential to prevent disintegration of the drug.
Internal quality control samples: stocks and sample preparation
Although serum could not be spiked with predetermined proteinunbound concentrations of rifampicin, it was deemed desirable to have internal quality control over the sample preparation procedure. To this end, internal quality control (QC) samples were prepared from the second stock solution (see above) resulting in total (protein-bound plus unbound) concentrations of 1.5, 10 and 61 mg/L in serum, designated as QC Low, Medium and High respectively. The QC samples were stored at −80°C and found to be stable for at least 26 months.
Sample processing for these QC samples was identical to sample processing of patient samples. Since there was no known nominal concentration of unbound rifampicin in these samples, the mean protein-unbound concentrations of rifampicin of these QC samples as measured during validation (n = 15) were taken as internal QC concentration values. During analysis of samples for pharmacokinetic research, QC Low, Medium and High samples are to be analyzed within each run and a maximum deviation of 15% from the concentrations measured during the validation will be accepted.
Sample preparation
Whole blood with rifampicin was centrifuged within 4 h after blood withdrawal and the resulting serum was prepared further or stored at −80°C. A volume of 0.5 mL of serum (sample, QC or drug free human serum) was pipetted into the sample reservoir of a Centrifree YM-30 tube (Fig. 2, part 2 ). For 60 min the tube was equilibrated at 41°C at 1 x g within a Rotanta 460 R centrifuge with fixed angle rotor 5645 (radius 132 mm, angle 25°) to reach a sample temperature of 37°C. The centrifugal force was only 1 x g during this equilibration period, as the centrifuge had to be put 'on' to develop any temperature, yet the ultrafiltration process should not start in this temperature equilibration period. Then for 20 min the tube was centrifuged at 41°C at 1650 x g whereas the sample retained its temperature of 37°C. The setting of the Rotanta 460 R centrifuge at 41°C resulted in a sample temperature of 37°C, based on validation of sample temperatures with a calibrated thermometer. Finally, 200 μL of the clear ultrafiltrate in the ultrafiltrate cup (Fig. 2, part 4 ) was transferred into a maximum recovery ® vial (Waters) with 400 μL of methanol: ascorbic acid 20 mg/mL water (40:1%v/v). The vials were closed with a polypropylene screw cap with silicon/PTFE septum to prevent evaporation. Each of the standards, samples and QC's were mixed before injection into the UPLC system.
UPLC-UV analysis
The Acquity UPLC system consisted of a model BSM solvent delivery pump, a model SM autosampler, a model CM column manager and a model TUV UV detector. Separation was carried out on a BEH C18 column (100 × 2.1 mm ID; particle size,1.7 μm) with the column temperature set at 45°C. The mobile phase consisted of 35% acetonitrile and 65% 0.05 M acetate buffer pH 4.0. Flow rate was 0.5 mL/min and the total run time was 5 min. UV detection was set at 334 nm. Analytical runs were controlled and processed by Empower software (all by Waters, Etten-Leur, The Netherlands).
Validation procedures
The validation of the assay in ultrafiltrate was based on the most recent versions of the guidelines on bioanalytical method validation of the European Medicines Agency [16] and the FDA [17] . In addition, we studied validation parameters specifically related to ultrafiltration.
Selectivity
Various drugs potentially co-administered with rifampicin were tested for interference at their therapeutic serum concentrations. Furthermore, serum of six patients without TB medication was evaluated for interference by endogenous substances. The presence of interfering components was accepted if the response was less than 20% of the lower limit of quantitation (LLOQ) for rifampicin.
Carry-over
Carry-over was assessed by injecting blank samples after the calibrator at the higher limit of quantitation (HLOQ). Carry-over in the blank sample following the highest concentration calibrator had to be less than 20% of the LLOQ.
Accuracy, precision and linearity
Five replicates of samples of rifampicin in ultrafiltrate at the LLOQ and HLOQ were analyzed during three different days, in order to determine accuracy and within-day and between-day precision of the method without the ultrafiltration step. To analyse these samples, six calibration concentration levels were used, in addition to the blank sample which was not incorporated in the calibration line. In each validation run the six calibrators were analysed in duplicate. For the LLOQ, the percent deviation from the nominal concentration (accuracy) and the relative standard deviation (precision) had to be less than 20% and for the HLOQ both these measures had to be less than 15%.
For each replicate measurement, the concentrations measured in the LLOQ and HLOQ samples were divided by the nominal concentrations. To assess accuracy, the mean ratio of measured concentrations versus nominal concentrations (n = 15 at each concentration level, i.e. at the LLOQ or HLOQ) was calculated and multiplied by 100.
One-way Analysis of Variance (ANOVA) was used to assess the within-day and between-day precision at each of the two (LLOQ or HLOQ) concentrations, using the run day as the classification variable. The error mean square or mean square within groups (ErrMS), the day mean square or mean square among groups (DayMS), and the grand mean (GM) of all 15 measurements across the three run days were obtained from the ANOVA. The estimate of the within-day and between-day precision at every concentration was calculated as follows:
in which n is the number of replicate measurements within each day We also wanted to validate the within-day and between-day precision of the analytical method with the ultrafiltration step. To this end, the three internal QC samples in serum were evaluated for within-day and between-day precision, by performing the analytical method including the ultrafiltration step on five replicates of each QC sample and during three different days. Relative standard deviations for within-day and between-day imprecision had to be less than 15%. Accuracy for resulting unbound concentrations could not be assessed in these internal QC samples, as the nominal value for the unbound concentrations cannot be preset or spiked.
Linear regression analysis was used to assess the linearity of the calibration curves in each validation run. Duplicate responses were used for each concentration, then transformed with a log-log fit and submitted to linear regression analysis. The blank was not taken into consideration.
A significant F-value would indicate linearity between analytical response and concentration and the correlation coefficient r (or coefficient of determination, r 2 ) was used as a measure for the strength of the association.
Dilution integrity
After ultrafiltration, QC High was diluted twice and four times with blank ultrafiltrate, and each dilution was performed and measured five times. Since there was no known nominal concentration of unbound rifampicin, the mean concentration found during validation (n = 15) was taken as nominal (target) value. The percent deviation between the mean concentrations after dilution as compared to the nominal value before dilution and the relative standard deviation in measurement of each diluted sample had to be less than 15%.
Stability
The stability of processed samples in the autosampler was tested. All processed samples (standards, blank, LLOQ, QCH, QCM, QCL and HLOQ) obtained at the first day of assessment of accuracy and precision (see above, five replicates of rifampicin in ultrafiltrate at the LLOQ and HLOQ levels and five replicates of the three internal QC samples in serum) were re-analyzed after three days. For each sample, the percentage of concentrations obtained after three days in the autosampler compared to the initially measured concentration was calculated.
Additional validation parameters -recovery of the ultrafiltration process
In addition to validation parameters required by these guidelines, parameters associated with the use of the ultrafiltration device Centrifree YM-30 were validated.
The recovery of the ultrafiltration process of rifampicin was assessed to find out if all rifampicin could be accounted for and no rifampicin was lost during ultrafiltration, also considering the limited solubility of rifampicin. Recovery was assessed for QC Low, QC Medium and QC High by -measuring the amount of protein-bound rifampicin (in μg) as present in the sample reservoir of the Centrifree YM-30 filter device (part 2 in Fig. 2 ) after ultrafiltration; -measuring the amount of protein-unbound rifampicin (in μg) as present in the filtrate cup of the Centrifree YM-30 filter (part 4 in Fig. 2 ) after ultrafiltration; -adding up protein-bound and unbound amounts of rifampicin after ultrafiltration; -and comparing the total amount of rifampicin after ultrafiltration to the total amount before ultrafiltration.
Each of the amounts in μg was calculated by multiplication of measured concentrations and volumes (amount = concentration * volume).
In a formula: Each of the items in this formula was assessed as follows:
-vol. bound : the sample reservoir was weighed after ultrafiltration and empty. The difference in these weights equals to the weight of the bound fraction. The volume of the bound fraction was next calculated by the weight of the bound fraction divided by its density (1,05 g/ml, see below). -vol. unbound : the filtrate cup was weighed after and before ultrafiltration. The difference in these weights equals to the weight of the unbound fraction. The volume of the unbound fraction was next calculated by the weight of the unbound fraction divided by its density (1,01 g/ml, see below). -RIF conc. unbound : The unbound rifampicin concentrations in the filtrate cup were measured with the method described in this article. -RIF conc. total : The total rifampicin concentrations before ultrafiltration were analyzed with a validated method with the same UPLC-UV analysis but with another pre-treatment of the samples. To 100 μL plasma, 200 μL methanol: acetonitrile, 1: 1 and 10 μL ascorbic acid 20 mg/mL was added. The sample was thoroughly mixed and centrifuged for 5 min. Then 100 μL 0.05 M acetate buffer pH 4.0 was added before mixing and centrifuging again. Ten μl of the clear supernatant was injected. This assay was linear over the concentration range of 0.125-30 mg/L plasma. Accuracies in the LLOQ, QC Low (2.94 mg/L), QC Medium (11.0 mg/L), QC High (22.1 mg/ L) and HLOQ were 101%, 100%, 101% 101% resp. 99%%. Withinand between-day coefficients of variation were < 3.0 resp. < 0.9%% in plasma. Samples > HLOQ were pre-diluted. -RIF conc. bound : The rifampicin concentrations in the bound fraction on the sample reservoir were analyzed with the same validated method for total rifampicin. The bound fraction on the sample reservoir was loosened from the sample reservoir by centrifugation of the reservoir upside down, followed by application of the method for total concentrations on the sample.
The density of the bound fraction was assessed by weighing five replicates of a set volume of bound fraction from the sample reservoir. The density of the unbound fraction was assessed by weighing five replicates of ultrafiltrate out of the filtrate cup.
Additional validation parameters -batch-to-batch difference in ultrafiltration devices
The batch-to-batch difference of the Centrifree YM-30 ultrafiltration device was validated. Unbound rifampicin in QC High and Low were analysed in fivefold with two different batches. The difference in mean concentrations measured with the two batches had to be less than 15%.
Results
Selectivity and carry-over
Most drugs tested did not interfere with the retention of rifampicin (Table 1) , except for amphotericin B. Serum of six patients without TB medication was evaluated and found to be free from potential endogenous or other interferences.
Typical chromatograms of unbound rifampicin serum samples are shown in Fig. 3 .
Carry-over in the blank sample following the high concentration calibrator proved not to be greater than 20% of the LLOQ.
Accuracy, imprecision and linearity
The results of the determination of accuracy and imprecision of the assay without (i.e. after) the ultrafiltration step are presented in Table 2a . These results show that the method is accurate at the LLOQ and HLOQ (accuracy of 102 and 97%) and precise. The maximum within-day and between-day coefficients of variation occurred at the LLOQ and were 8.8% and 5.6%, respectively. Table 2b shows the results of analysis of five replicates of serum QC Low, Medium and High samples, using the whole method with the ultrafiltration step on three different days. Mean protein-unbound concentrations of 0.144 mg/L, 1.11 mg/L and 13.9 mg/L were measured in QC Low, Medium and High and these measures will be used as internal QC target values during routine analysis.For a new batch of QC's these target values have to be established again considering that every serum may give different target values. Of note, the free fraction of proteinunbound versus total rifampicin concentrations decreased from QC Low to QC High (Table 2b) . Within-day and between-day precision of the whole method with the ultrafiltration step complied with the preset requirements (CV < 15).
The calibration curves were linear over the concentration range of 0.65-26 mg/L unbound rifampicin by using log peak height vs log concentration (F = 22133, P = 5.71E-21). The regression coefficients (r 2 ) of all three calibration curves during validation of unbound rifampicin in serum were 0.9996 ± 0.0001.
Dilution integrity
The percent deviation between the mean concentration of ultrafiltrated QC High after dilution compared to the nominal QC High concentration before dilution was 3%, both after twice and four times dilution of the QC High ultrafiltrate. The relative standard deviations in measurement of each diluted sample were 2.3% and 1.3% after twofold and four-fold dilutions, respectively.
Stability
Processed samples of unbound rifampicin proved to be stable with mean concentrations of 101% of the initial concentrations after 3 days.
Additional validation parameters
Results presented in Table 3 show that no rifampicin is lost during sample pre-treatment. For QC Low, QC Medium and QC High the recoveries were 96%, 95% and 95% with a precision coefficient of variation of 1.4%, 2.5% and 6.8%.
The difference in mean concentrations of protein-unbound rifampicin for QC High and QC Low measured with two batches of the Centrifree YM-30 ultrafiltration devices was 3.4% and 1.6%.
Discussion
We described and validated a bio-analytical method using UPLC-UV for the measurement of protein-unbound rifampicin in human serum after ultrafiltration at a sample temperature of 37°C. Previously, we measured total and protein-unbound rifampicin plasma concentrations in malnourished and well-nourished TB patients and briefly described our bio-analytical method [13] . However, that method was not optimized to measure at a sample temperature of 37°C while retaining compound solubility and stability. Furthermore, the current method also covers much higher protein-unbound concentrations, which are relevant after administration of rifampicin at higher doses [6] [7] [8] [9] . Finally, the previous validation did not evaluate the presence of batch-tobatch differences in ultrafiltration devices that have been reported for a bio-analytical method measuring free concentrations of rifapentine [18] .
Our new analytical method measured free rifampicin concentrations using ultrafiltration. In ultrafiltration, centrifugal forces are employed as the driving force for the passage of plasma or serum water across a filter membrane [14] . Besides ultrafiltration other methodologies are available to determine plasma protein binding of drugs, such as ultracentrifugation and equilibrium dialysis. Equilibrium dialysis avoids the nonspecific binding and relatively large plasma volumes often associated with ultracentrifugation and ultrafiltration [19] . However, equilibrium dialysis can be time consuming and labour-intensive in terms of preparation time and time to equilibration, making it less attractive for pharmacokinetic assessments.
Clearly, measurement of protein-unbound concentrations with ultrafiltration involves more than straightforward ultrafiltration and subsequent measurement of drugs. Ultrafiltration brings along specific analytical challenges and certainly warrants a well-considered validation. First, it is not possible to assess the accuracy of bio-analytical techniques that evaluate protein-unbound plasma or serum concentrations of drugs. This is because it is impossible to spike serum with a certain protein-unbound concentration of a drug and there is no way to retrieve information on the true equilibrium between protein-bound and protein-unbound drug in these samples. We still wanted to have internal control over the ultrafiltration step during routine analysis and assessed protein-unbound rifampicin concentrations in three internal QC serum samples, to be used as target values in routine analysis. Replicate analysis of these internal QC samples also allowed us to assess within-day and between-day precision of the analytical method with the ultrafiltration step included. Of course we also assessed accuracy and precision for the analytical steps after ultrafiltration.
Secondly, various experimental conditions and additional validation parameters have to be considered when developing ultrafiltration methods. We paid a lot of attention to performing ultrafiltration at body temperature, as it is described that temperature could influence the equilibrium of bound versus unbound drug in serum or plasma [20] . It is hypothesized that the unbound drug fraction at physiological temperature (37°C) could be larger compared to room temperature, due to a decrease in the binding force at higher temperatures [21] . In our recent publication on the effect of nutritional status on protein binding of rifampicin administered in standard doses, we reported a small increase in free fraction (+1.1%) for plasma samples measured at 37°C compared to results of the same method performed at room temperature. This increase in rifampicin free fraction in relation to a change in experimental temperature is in agreement with sparse data for other drugs as published in the literature [22] .
Of note, our work revealed that the temperature setting of a centrifuge does not represent the temperature within the centrifuged sample. In order to validate our sample temperature before and during centrifugation, we performed experiments in which a volume of 0.5 mL water was pipetted in six Centrifree YM-30 devices, which were set in different positions in the rotor to reach a sample temperature of 37°C and retain this temperature during ultrafiltration. The experiments revealed that the time for equilibration within our specific centrifuge was 60 min at 1 × g at a set temperature of 41°C. Next, the samples were centrifuged for 20 min at 1650 × g, according to the manual of the Centrifree YM-30 device, at a set temperature of 41°C. Under these conditions, the temperature of all samples remained 37°C and the same settings were used for the validation of the method. Sample pH is another parameter that may affect the free fraction [22] . The pH of blood in the body is kept constant at pH 7.4 with the help of carbonate as the main regulatory buffer system. Ex vivo, pH may increase due to loss of carbon dioxide during storage or sample processing and ultrafiltration can increase the pH of the sample up to pH 8 in our hands. We have not evaluated whether such a pH difference is relevant to the free fraction of rifampicin and this is a limitation of our analytical method.
As additional validation parameters, we evaluated the recovery of the ultrafiltration process and demonstrated that no rifampicin was lost during ultrafiltration. We also assessed the batch-to-batch variation in analytical results when using different batches of ultrafiltration devices.
As a third item related to ultrafiltration, we would like to highlight that we encountered specific challenges during method development related to solubility and stability of rifampicin after ultrafiltration. More specifically, we observed decreased solubility of rifampicin in ultrafiltrate compared to plasma. Probably because of the absence of proteins after ultrafiltration, rifampicin preferred to stick to every insert or vial available to us rather than remain in solution in ultrafiltrate, especially in low volumes. This did not result in linear calibration curves. By adding 200 μL of ultrafiltrate to a maximum recovery vial with 400 μL of methanol, the calibration curve became linear. The second challenge we encountered was the instability of rifampicin in the processed sample during the chromatographic quantification. Since ascorbic acid was added as a stabilizer in our method for total (bound plus unbound) rifampicin, we also supplemented the processed unbound rifampicin sample with ascorbic acid, enabling that no cooling was needed to prevent degradation of rifampicin during analysis.
The developed method is suitable for measurement of protein-unbound, active concentrations of rifampicin at various doses. The LLOQ for rifampicin in ultrafiltrate was set at a concentration of 0.065 mg/L, which corresponds to total (unbound plus bound) concentrations of 0.325-0.65 mg/L, based on 80-90% protein binding [13, 23] . The HLOQ for unbound rifampicin was 26 mg/L, which would amount to a total concentration ranging from 130 to 260 mg/L. Evidence from the validation of our method suggests, however, that saturation of proteins may occur at higher concentrations, as reflected in an increase in free fraction from 9% to 22% (and a corresponding decrease in protein binding from 91% to 78%) when total concentrations rise from 1.7 to 64 mg/L (Table 2b ). In any case, the upper limit of the range of our method will certainly exceed protein-unbound peak concentrations in African TB patients that received up to 35 mg/kg of rifampicin for two weeks [7] , ensuring that the current method can be applied to assess free rifampicin concentrations of individuals taking higher than standard dosing of rifampicin.
Conclusions
An assay was developed and validated for the determination of protein-unbound (active, free) rifampicin in human serum by ultrafiltration at a sample temperature of 37°C. Rifampicin could be kept in solution in ultrafiltrate by addition of methanol and was stable after addition of ascorbic acid. Subsequent analysis took place with f In case the between-day imprecision is 0.0%, no additional variation upon the within-day imprecision is observed as a result of performing the assay on different days. . The density of the bound and unbound fractions were 1.05 g/ml and 1.01 g/ml, respectively. ultraperformance liquid chromatography with UV detection. The assay can be used to measure unbound rifampicin concentrations when this drug is administered in high doses and such analyses are relevant in the redevelopment of this pivotal TB drug.
